While the neuropeptide oxytocin can facilitate empathy and altruistic behavior it may 20 also promote self-serving tendencies in some contexts, and it remains unclear if it would 21 increase altruistic or self-interest behaviors when they compete within a social situation.
Introduction 43
Empathy represents a core social function that allows individuals to recognize and 44 understand the emotional states of others and respond to them accordingly (Eisenberg, 45 & Eggum, 2009). Empathy has two main components, cognitive empathy which 46 includes cognitive processes of perspective-taking allowing us to infer the mental states 47 these motivations are competing in a social situation. 133 The current placebo-controlled double-blind fMRI study therefore aimed at 134 determining the effects of intranasal OXT on competing behavioral tendencies between 135 empathy-motivated altruism and self-interest. To this end a modified Cyberball and individuals with autism (Andari et al., 2010) . 154 In the current adaptation of the Cyberball paradigm, participants were scanned 155 while first observing 3 unknown individuals playing the game and where one player 156 (victim) was gradually excluded by the two other players (excluders) so that they gained excluder player was manipulated to be the most attractive cooperator to maximize self- 163 interest while playing with the victim of exclusion would be rather motivated by 164 empathy-induced altruistic behavior. 165 Considering convergent evidence for OXT-enhanced emotional empathy, we 166 hypothesized that it would increase empathy for the victim of exclusion during the first 167 stage of the experiment. We additionally hypothesized that OXT-facilitated empathy Mobbs, 2015) we hypothesized that the OXT-induced behavioral preference for a player 182 would be mirrored by increased activity in this circuit. Given that cultural orientation, Subjects next completed a "Play" session where they played the game together with the victim and 294 one of the excluders and a novel player. This session was for 6 blocks with 24 ball throws in each 295 block (After each block the subject could see how much money they and the other players had won 296 and a 2 s maximum was allowed to throw the ball to avoid a monetary deduction). 297 298 Manipulation check and potential confounders 299 As a manipulation check subjects were asked to rate the other players in terms of their 300 likeability, trustworthiness and valence using a visual analogue scale (VAS, 0-100) 301 before treatment administration and following the OBSERVE and PLAY sessions 302 respectively. To further evaluate the manipulation subjects were asked to report if any 303 specific events had happened during the OBSERVE session (e.g. "Did all three players 304 treat each other fairly?", "Was there anyone who was treated unfairly?"). They were 305 also asked to rate how empathic they felt towards the excluded player (score between 306 0-100). As additional control variables the PANAS questionnaire was administered 307 again to test whether OXT had altered participants' mood (PANAS) after the paradigm. Table   374 1). Importantly, mood as assessed by the PANAS did not differ after the experiment, 375 arguing against unspecific confounding effects of treatment on mood. revealed no significant differences in these three dimensions between the PLC and OXT 384 groups before the experiment ( Fig. 2a ). However, after the OBSERVE session during 385 which subjects watched the victim player being excluded, their ratings of the victim 386 player for the three dimensions were significantly higher than for the excluders (Fig.   387 2b), confirming successful experimental manipulation. Moreover, the decreased ratings 388 for the excluder players remained stable after subjects played with them during the 389 PLAY run and were even maintained one week later (Figs. 2c, 2d ). 
Associations between trait altruism behavior ratings and neural activity 461
A potential modulatory influence of pre-treatment variations in trait altruism (PTM 462 scores) on behavioral and neural responses was investigated using a correlation analysis.
463
No significant associations between the proportion of balls thrown to the three different 464 players and PTM scores were found in either the PLC (Excluder -r = -0.172, p = 0.283;
465
Victim -r = 0.091, p = 0.57; New -r = 0.075, p = 0.64) or OXT (Excluder -r = -0.131, 466 p = 0.413; Victim -r = 0.227, p = 0.154; New -r = -0.114, p = 0.478) groups, or 467 differences between the groups (all ps>0.41). Correlations between left mOFC activity 468 and PTM scores during play with the excluder were also examined in the PLC and OXT 469 groups. Results revealed that PTM scores were not associated with mOFC activity 470 following PLC, but that OXT treatment established a significant negative association 471 between PTM trait altruism and activity in this region (PLC: r = 0.294, p = 0.094; OXT: 472 r = -0.329, p = 0.047; significant different correlations confirmed by Fisher's z = 2.59, 473 p = 0.040, Cohen's q = 0.28, Bonferroni corrected, Fig. 6 ). This shows that OXT 474 particularly increased left mOFC activity in individuals with lower trait altruism.
475
Horizontal Independence was not associated with either behavior or mOFC activity. was not enhanced by OXT, suggesting that it did not promote greater altruistic behavior.
514
However, the OXT group threw significantly more balls to the excluder player 515 suggesting that OXT promoted self-serving decisions since playing with the excluder 516 should lead to a higher monetary pay-off. In line with our hypothesis, increased self-517 serving behavior following OXT was associated with stronger activation in the mOFC 518 reward system when subjects were playing with the excluder player. Furthermore, OXT 519 established a negative relationship between mOFC activity and trait altruism, an 520 association that was absent following PLC. One week after the Cyberball game while 521 the PLC group expressed a greater preference to play again with the victim and novel ). In the current study in both the PLC and OXT groups there was evidence at the 539 whole brain level for increased activation in core mentalizing regions (for convergent 540 findings see also (Masten et al., 2011)) but no responses in the pain network (notably 541 the insula).
542
In general, empathic ratings by subjects for the victim were not that high and since 543 altered activation was only observed in the mentalizing network, which we have shown 544 in the context of empathic embarrassment is not influenced by OXT (Becker et al., 545 2018), it seems possible that the empathy experienced in the current context was more 546 cognitive than emotional. Indeed, given that the participants could not directly observe the other players and static neutral faces were used, the social pain had to be inferred 548 by mentalizing how the victim may emotionally experience exclusion from the game.
549
Together with the fact that mentalizing system is a core component of the cognitive 550 empathy system (Shamay-Tsoory, 2011), this may explain why OXT failed to have any 551 impact on empathic ratings or associated likeability and trustworthiness ratings for the 552 victim in the current study since it has a greater influence on emotional rather than 553 cognitive empathy. 554 Our original hypothesis that in a situation where altruistic and self-serving 555 motivations were in competition OXT would enhance altruistic responses was also not 556 supported in the current experiment. Overall, participants in both groups threw more 557 balls to the victim player indicative of an altruistic response and validating the 558 experimental manipulation, however OXT had no effect on this. Similarly, both groups 559 rated the likeability and trustworthiness of excluder players lower than that of victims 560 after observing the game and also one week later after playing it, but again this was not 561 influenced by OXT. This general finding is in agreement with previous studies which 562 also found that subjects exhibit greater prosocial behavior towards individuals who thus it is possible that the effects of OXT on altruistic compared with self-benefit 593 behaviors when they are in conflict might be to some extent genotype dependent. Taken 594 together, and in line with our current results, accumulating evidence therefore suggests 595 that OXT can promote personal self-interest in some contexts.
596
On the neural level the present study revealed that increased self-serving behavior 597 following OXT was neurally underpinned by regional-and player-specific increased and there was no evidence for differential amygdala responses in the PLC and OXT 632 groups. While a previous study has reported that OXT can promote altruistic 633 punishment of defectors, and feelings of anger and disappointment towards them, in an 634 economic game context, it also increases co-operation with them thereby increasing 635 self-gain (Prisoner's dilemma game: Aydogan et al., 2017). Thus, on balance, it is likely 636 that in the current context OXT primarily biases individuals towards an optimal self-gain strategy, although without simultaneously doing so by overtly damaging others 638 emotionally. Clearly, to further establish this it would be necessary to investigate the 639 effects of OXT under circumstances where increasing self-gain would also significantly 640 damage others emotionally.
641
There are several limitations in the present study which should be noted. Firstly, 642 the victim observed being excluded in the Cyberball paradigm in the current study was 643 a stranger to the participant and therefore it is possible that if they had been a partner, 644 relative or other in-group member then OXT may have had the opposite effect by 645 enhancing empathic and altruistic behaviors rather than self-serving ones. Further 646 studies would be required to establish this. Secondly, and relatedly, only male 647 participants were included in the current study and previous studies reporting OXT-648 induced enhancement of self-serving behaviors have also only included male subjects.
649
A number of studies have reported opposite neural and behavioral effects of OXT in 
655
In summary, our current findings demonstrate that under circumstances where self-656 serving and altruistic behaviors are in competition OXT promotes an increased 657 tendency in men towards self-benefit behavior, and this is associated with increased 658 activation in the mOFC indicative of greater reward anticipation. Furthermore, the 659 effects of OXT on mOFC are strongest in individuals with lower trait altruism. Thus, 660 contrary to expectation, OXT did not promote altruistic behavior although equally it did 661 not reduce it to the point where it might potentially have produced negative feelings in 662 others. It seems likely therefore that in men OXT tends to bias individuals towards 663 acquisition of resources for self-benefit rather than helping others. However, this self- 
